To identify genes developmentally regulated in the somatic cells of the testis, serial analysis of gene expression (SAGE) has been used to generate gene expression profiles from these cells in the fetal and adult mouse. To avoid germ cell transcripts, a fetal SAGE library was generated from germ cell-free fetal W v / W v mice, and an adult SAGE library was generated from adult testes depleted of germ cells with busulfan. The combined SAGE libraries contained 147 570 tags identifying 12 976 unique transcripts. Of these transcripts, 3607 were present in only the fetal library and 3941 were present in only the adult library. Most of the abundant differentially expressed tags in the adult testis library were from characterized genes, whereas 3 rapid amplification of complementary ends was required to identify most differentially expressed tags in the fetal library. These fetal tags were mostly associated with uncharacterized UniGene clusters. These data provide a comprehensive and quantitative analysis of gene expression in the somatic cells of the fetal and adult testis (including unknown transcripts) and identify genes differentially expressed in these cells during testis development. These differentially regulated genes are likely to provide insight into mechanisms regulating testis function both during development and in the adult animal.
INTRODUCTION
During fetal growth in the mouse, the testes start to develop from the urogenital ridge around 10.5 days postcoitum (dpc) and are morphologically distinct by about 12 dpc. Initially, testis development depends upon Sry induction of Sertoli cell differentiation from migrating coelomic epithelial cells [1, 2] , followed by the appearance of active fetal Leydig cells at about 12.5 dpc in the developing interstitial region. Differentiation of the male reproductive tract and descent of the testis is ensured during fetal development by Sertoli cell secretion of anti-Mullerian hormone (AMH) and Leydig cell secretion of androgen and insulin-like growth factor (IGF) 3 [3, 4] . The Sertoli cells also produce kit ligand, which is essential for germ cell survival and proliferation in the fetal testis [5] . After birth, the gonocytes differentiate into spermatagonia, and under the regulation of the Sertoli cells spermatogenesis begins, leading to the for-mation of mature spermatozoa after puberty. A second, adult population of Leydig cells differentiates shortly before puberty and gives rise to the pubertal surge in androgen production necessary to induce and maintain fertility, male sexual characteristics, and male behavior [6] .
Functionally the somatic cells of the fetal and adult testes show some similarities (e.g., androgen production) but are more clearly characterized by differences in cell activity and function. Thus, the functions of the Sertoli cells in the fetal testis include maintenance of the gonocytes and ablation of the Mullerian duct, whereas in the adult the Sertoli cells act to maintain and stimulate spermatogenesis. These functional differences between fetal and adult Sertoli cells are also associated with clear differences in gene expression between the cells (e.g., Claudin 11 [7] and Amh [8] ). The Sertoli cells probably also act to regulate differentiation and maintenance of the Leydig cells, but the mechanisms involved probably differ between the fetal and adult populations of Leydig cells [9, 10] . The Leydig cells in both fetal and adult testes function primarily to produce androgens, but the fetal and adult populations of cells are distinct and show fundamental differences in activity and function [11, 12] .
Although the overall functions of the Sertoli cells and Leydig cells are understood, developmental changes in cell activity and cell function and the mechanisms underlying these changes remain unclear in many cases despite clear evidence that problems in male reproductive health can have a fetal origin [13] . As a step toward understanding somatic cell function in the testis, we have generated a full analysis of gene expression in the somatic cells of the adult and fetal testis using serial analysis of gene expression (SAGE) [14] . This technique allows a comprehensive quantification and identification of genes present in a cell or tissue without bias toward previously described sequences. Moreover, SAGE databases can be compared directly, which allows identification of genes expressed differentially during development in the testis.
One problem with identifying somatic gene expression in the testis is that in the adult Ͼ95% of testicular cells are of germ cell origin [15] . Thus, a SAGE library generated from a normal adult testis will predominantly contain genes derived from the germ cell population. To avoid this problem, we have generated SAGE libraries from mouse models that lack germ cells. The adult testis library was derived from adult mice in which the germ cell population was ablated using busulfan [16] , and the fetal testis library was derived from W v /W v mice, which lack germ cells because of a mutation in the c-kit receptor [5] .
MATERIALS AND METHODS

Animals and Treatments
The mice used in this study were bred at the University of Glasgow Veterinary School and were maintained as required under United Kingdom Home Office regulations. Normal and W v /W v mice, bred on a C3H/Heh-101/H genetic background, were derived from stock animals originally obtained from the MRC Radiobiology Unit (now the MRC, Mammalian Genetics Unit, Harwell, U.K.). To time fetal development W v /ϩ males were caged with W v /ϩ females overnight, and the morning was designated as Fetal Day 0.5 of pregnancy. Fetuses were collected at Day 18 of pregnancy, and W v /W v mice were identified by their lighter skin color. To ablate the germ cell population in adult normal mice, the animals were given a single i.p. injection of busulfan (30 mg/kg; Sigma Chemical Co., Poole, U.K.) in dimethyl sulfoxide/H 2 O (1/1 v/v) and killed up to 60 days later. For both fetal and adult animals, one testis from each animal was stored frozen in liquid N 2 , and the other testis was fixed overnight in Bouin fluid before being stored in 70% ethanol.
Construction of SAGE Libraries
The RNA from adult or fetal testes was extracted using TRIzol reagent (Invitrogen, Paisley, U.K.). The SAGE libraries were constructed from RNA pooled from four testes of four different adult or fetal mice. Poly(A) ϩ RNA was isolated using Oligo dT Cellulose (Invitrogen). The SAGE libraries were constructed as previously described [14] with modifications, including use of biotinylated phosphorothioate oligo-dT [17] for firststrand synthesis and use of a combined blunting/ligation kit (Takara Biomedicals, BioWhittaker U.K., Wokingham, U.K.). The ditags were amplified in two stages of 22 cycles [14] and 10 cycles using nested biotinylated primers. Concatemers were cloned into the SphI site of pZero (Invitrogen) at 16ЊC overnight and transfected into ElectroMax DH10B cells (Invitrogen). Selected clones were amplified by polymerase chain reaction (PCR) and sequenced directly as previously described [17] .
SAGE Data Analysis
Tags were extracted from sequence data and initially analyzed using SAGE 2000 software (http://www.sagenet.org/sage protocol.htm), which converted the tag information to a Microsoft Acces file. The mouse SAGEmap database was downloaded from http://www.ncbi.nlm.nih.gov/SAGE/ and converted to an Access file allowing direct comparison with tag sequences extracted through SAGE 2000 software, allowing tags to be matched to known UniGene clusters [18] . Differences in tag frequency between SAGE libraries were analyzed using the chi-square test [19] .
The original SAGE data from each library have been deposited in the NCBI public gene expression database (http://www.ncbi.nlm.nih.gov/geo/), accession numbers GSM5435 and GSM5436.
Rapid Amplification of Complementary Ends
For a number of tags, it was necessary to generate 3Ј sequence to allow identification of the mRNA species from which the tag was derived. This was done using a 3Ј rapid amplification of complementary ends (RACE) technique similar to that described previously [20] but using TTCTA-GAATTCAGCGGCCGC(T) 30 (AGC)(AGCT) to prime the reverse transcription.
Real-Time PCR
Levels of specific mRNA species were measured by real-time PCR using the TaqMan PCR method following reverse transcription of isolated RNA [11] . The fetal and adult testes used to extract RNA were from the same group used to provide RNA for generation of the SAGE libraries. The sequences of primers and probes used for real-time PCR were as previously described [11] and as shown in Table 1 . The quantity of each measured cDNA was determined relative to the endogenous ubiquitous gene Wbscr1 [11] , and results are presented as the ratio of expression in adult and fetal testes.
Histology and Stereology
Testes for histology or stereology were fixed in Bouin fixitive and stored in 70% ethanol. Testes were embedded in Technovit 7100 resin (Kulzer and Co., Wehrheim, Germany), cut into 20-m-thick sections, and stained with Harris hematoxylin. In testes used to count total Sertoli and Leydig cell number, testis volume was estimated using the Cavalieri principle [21] , and the slides used to estimate the number of cells were also used to estimate testis volume. The optical dissector technique [22] was used to count the number of Leydig cells and Sertoli cells in each testis. The numerical cell density was estimated using an Olympus BX50 microscope fitted with a motorized stage (Prior Scientific Instruments, Cambridge, U.K.) and Stereologer software (Systems Planning Analysis, Alexandria, VA).
RESULTS
Tissues Used to Generate Libraries
In most testes from W v /W v fetuses, the gonocytes were either absent or present in very low numbers (Fig. 1, A and  B) . In about 12% of animals, gonocytes were seen frequently in tissue sections, and these animals were not used in generation of the fetal testis SAGE library. In adult animals, a single injection of busulfan caused testis weight to decline to about 30% of normal over a 60-day period. On Day 20 after busulfan treatment, the seminiferous tubules largely contained only Sertoli cells and spermatozoa, and on Days 40 and 60 after treatment, tubules were largely devoid of germ cells (Fig. 1, C and D) . The total numbers of Leydig cells and Sertoli cells per testis were not significantly different from those of control animals 60 days after busulfan treatment. Testes from this 60-day treatment group were used to prepare the adult testis SAGE library.
SAGE Libraries
The number of tags sequenced in each library, after removal of duplicate ditags, was 81977 in the adult testis library and 65593 in the fetal testis library. The combined total of 147570 tags contained 59464 unique tag sequences, of which 46488 were represented by a single tag. The remaining 12976 tag sequences made up 68.5% of the total tag number. Of these 12976 sequences, 5430 were present in both fetal and adult libraries, 3607 were present only in the fetal library, and 3941 were present only in the adult library.
Ubiquitous Genes
To ensure that the libraries were comparable in terms of gene expression, the number of tags in each library representing a series of known ubiquitous genes was compared. The genes chosen were those shown previously to have the least variation in tag number in a variety of human SAGE libraries [23] . For ease of comparison, the most abundant ribosomal genes showing the least variation in human SAGE libraries [23] were selected for study along with human gene KIAA0038 (mouse Wbscr1), which shows the highest consistency of expression across human SAGE libraries [23] . Of the nine genes compared, only three showed a significant difference in abundance between the fetal and adult libraries ( Table 2 ); in only one gene (L29) was there a Ͼ2-fold difference in tag frequency between libraries.
Frequent Tags
The 30 most common tags in the adult testis library are shown in Table 3 . Seven of the tags on this list are from the mitochondrial genome, four encode ribosomal proteins, and one matches to more than one gene. The remaining tags match to known genes, many of which have been shown to be highly expressed in the adult testis.
The 30 most common tags in the fetal testis library are listed in Table 4 . Three of these tags are mitochondrial, and eight are ribosomal. Unlike the adult testis library, nine of the remaining tags were unknown, had multiple matches, or matched only to expressed sequence tags (ESTs). Tags with multiple matches or with no reliable map were used to generate 3Ј RACE data to help identify a reliable match, as indicated in Table 4 . This approach was successful in assigning a match to most tags, with the exceptions of AA-CATACAAG, for which the 3Ј RACE sequence matched to numerous ESTs and UniGene clusters, and ATTTT-CAGTT, because the tag sequence (without the NlaIII recognition site) is present at the 3Ј end of the Sentrin gene and all RACE sequence recovered was from this gene. Table 5 shows selected tags that represent genes known to be expressed in the Leydig cells or Sertoli cells or that are linked with established functional groups. Tags representing most of the listed Sertoli cell-specific transcripts (Table 5A ) were expressed at a higher frequency in the adult testis library than in the fetal testis library, while other tags, such as cystatin 9, cystatin-SC, claudin 11, tissue plasminogen activator, and transferrin, were barely or not expressed in the fetal testis library. A number of tags (epidermal fatty acid binding protein 5, clusterin, prosaposin, connexin 43, kit ligand, and testis defensin-like gene [Tdl] ) were present at a high frequency in the fetal testis, although in each case tag frequency was higher in the adult. AMH was the only transcript present in the fetal testis library but not in the adult library (Table 5A) .
Cell-Specific and Functional Groups
Tags representing most known Leydig cell-specific transcripts are present at a markedly higher frequency in the adult library than in the fetal library (Table 5B ). The exceptions were 3␤-hydroxysteroid dehydrogenase (3␤HSD) I, which was present at a higher frequency in the fetal library, cytochrome P450 side chain cleavage (P450 scc ), which was expressed at similar levels in both libraries, and LH receptor, which was expressed at low levels in both libraries. Tags representing 3␤HSD VI and estrogen sulfotransferase were present in the adult library only.
The list of tags representing gene transcripts involved in steroid production (Table 5C ) includes a number of transcripts, such as P450 scc and 3␤HSD VI, that are known to be specific to the Leydig cells (and thus also appear in Table 5B ). However, many other transcripts are also present that have not previously been shown to be expressed in the testis or not specifically in the Leydig cells. These other transcripts include scavenger receptor B1, which is expressed in both Sertoli cells and Leydig cells [24, 25] , and a number of members of the 17␤-hydoxysteroid dehydrogenase family whose function within the testis is unknown.
With the exception again of 3␤HSD I, these tags were more highly expressed in the adult testis library. Tables 5D and 5E list known tags representing growth factors and hormone and growth factor receptors. Most growth factors were expressed in both adult and fetal libraries, although there was apparent differential expression of some factors such as growth arrest specific (GAS) 6, which was higher in the adult testis library, and connective tissue growth factor and Wnt 5A, which were higher in the fetal library (Table 5D ). Most of the hormone and growth factor receptors showed differential expression between libraries (Table 5E ). The more highly expressed receptors such as AMH type II tended to be more highly expressed in the adult library, the main exception being the pheromone receptor V3R4, which showed markedly greater expression in the fetal library. Receptors expressed at lower levels were either predominantly in the adult library (e.g., prolactin receptor) or predominantly in the fetal library (e.g., IGF2 receptor).
A number of transcripts encoding known extracellular matrix (ECM) components are listed in Table 5F . The list is dominated by procollagen species, most of which show clear differential expression between fetal and adult testis libraries. Of the other factors listed, decorin, laminins, and fibronectin were differentially expressed between libraries.
Comparison of Data Generated by SAGE and by Real-Time PCR
To confirm that differerences in tag expression between adult and fetal SAGE libraries reflect differences in mRNA levels in the two tissues, real-time PCR was used to measure relative mRNA levels. Testes from fetal W v /W v mice and adult busulfan-treated mice were used to prepare cDNA, which was subjected to real-time PCR using specific primer/probe combinations as described in Materials and Methods. The ratio of expression in adult and fetal testes was determined and compared with that from the SAGE libraries. Data obtained by real-time PCR correlated well with data derived from the SAGE libraries (Fig. 2) .
Abundant Tags Differentially Expressed Between Libraries
To screen for tags differentially expressed in the adult testis library, we identified those tags with both a Ն10-fold frequency in the adult library and an abundance of five or more (in the adult library). The total number of tags identified in this way was 1193. If enrichment criterion in the adult library was reduced to 5-fold, the total number of tags identified was 1643. The baseline of five tags in the adult library was the minimum that would produce a significant differences between adult and fetal libraries. Table 6 shows the most abundant tags that fulfil the criterion of 10-fold difference. Most of the tags listed matched unambiguously to known genes. Two of the listed tags either had no match (GATTCTTGAG) or matched only to ESTs (TAAGTA-GCAA), and mappings were confirmed by 3Ј RACE. Many of the transcripts listed in this table are known to be developmentally expressed in the testis, e.g., IGF3, prostaglandin (PG) D2 synthase, vascular cell adhesion molecule (VCAM), 3␤HSD VI, and claudin 11 [11, [26] [27] [28] .
Similar criteria were used to identify tags differentially expressed in the fetal library, except that the baseline used was reduced to a minimum of three tags in the fetal library (and none in the adult library), the minimum number that would generate a significant difference between libraries. The number of tags in the fetal library that showed a 10-fold difference in expression compared with the adult library was 920. When a 5-fold difference was used as the cutoff, the number of tags increased to 965. Table 7 shows the most abundant tags that fulfill the criterion of a 10-fold difference. Most of the tags in this list were matched only to ESTs, had multiple matches, or had no known match in the mouse SAGEmap database. For 14 tags where no reliable mapping could be made, tags were used to generate 3Ј RACE sequence with which to identify a reliable map where possible ( Table 7) . The 3Ј RACE technique was successful in assigning tags in most cases. Two of the tags (TAGAGACTGC and GAAGGAGTTA) that showed multiple mapping in SAGEmap were shown by 3Ј RACE to be derived from the same repeat element. Which tag appeared at the 3Ј end of the repeat sequence in any one gene depended on the degree of sequence conservation of the NlaIII sites. Multiple products were obtained for both tags using the 3Ј RACE method, and further identification was not made. In total, incorporating the 3Ј RACE data, 18 tags were assigned to a UniGene cluster, 7 remained unknown, and 3 could be matched to ESTs but not to a known UniGene cluster.
Comparison with Other SAGE Libraries
To identify transcripts in the testis libraries not present in other SAGE libraries, the combined testis libraries were Tables 6  and 7 . Of the tags listed, 15 could be assigned to a UniGene cluster, but the remainder were either unknown or could be assigned only to ESTs. Where an expression pattern is known, the genes listed have been shown previously to be restricted to a small number of tissues or to the testis alone.
DISCUSSION
In this study, we used the SAGE technique to study gene expression profiles in the somatic cells of the fetal and adult mouse testis. While the raw data provide insights into the patterns of gene expression in these tissues, SAGE libraries can also be compared directly to identify genes differentially expressed during testis development. In addition, SAGE libraries generated from the testis can be compared directly with SAGE libraries from other tissues to identify tissue-specific gene expression. After comparing fetal and adult testis SAGE libraries, a total of 7548 transcripts were identified as being uniquely expressed in either the adult or fetal testis libraries. Here, we report only a small number of these transcripts; the remainder can be identified through the original SAGE data (http://www.ncbi.nlm.nih.gov/geo/ accession numbers GSM5435 and GSM5436).
In the SAGE analysis reported here, an essential component was the use of germ cell-free testes to prevent the libraries from being dominated by tags generated from transcripts derived from the germ cell population. This differ- TTATCAAGTG  CAAACTTTAT  GACTAAGGCT†   TGGTTTTTGT  AATCCAGCCC  CCCTACTTCA  ACAGCCAGGG  GCTACACAGA  GTGGCTCGAC  CGTGGCTCAC  TGGAAATGAC†   CTCCACTATG†   549  293  12  0  0  0  0  0  0  37  0  61  0  12  12  0  0  12  0  0  0  0  0  0  37  12  12  12   12368  5017  3706  2516  1479  1251  1098  946  930  869  900  717  686  686  549  534  519  503  503  488  458  442  442  427  426  396  381 ence can be seen if comparison is made between the adult testis SAGE library and NCBI UniGene library 293, which contains 37 793 EST sequences (representing 11 175 genes) from the whole adult mouse testis (http://www.ncbi.nlm. nih.gov/UniGene/lib.cgi?ORGϭMm&LIDϭ293). Of the genes in the EST library, Ͼ60% are not present in the SAGE library. Taking into account that ubiquitous genes will be in both libraries, this difference shows that a SAGE library of the normal testis would be dominated by tags relating to the germ cell compartment. In rats, busulfan treatment of the mother will destroy the gonocytes in the developing fetuses [31] , but equivalent treatment was not effective in the mouse. Consequently, the W v /W v mouse was used to generate germ cell-free fetal testes. The W v mutation is caused by an amino acid substitution in c-kit, which reduces receptor kinase activity. This reduced activity is enough to severely deplete the germ cell population in most animals without affecting overall viability [32] . Although ablation of the germ cells was necessary to generate SAGE libraries of the somatic cells of the testis, loss of germ cells is likely to affect Sertoli cell activity in these animals [33, 34] . This altered activity in turn may affect Leydig cell activity [10] , although Leydig cell number was not affected and circulating androgen levels were unchanged by busulfan treatment [35] . Thus, a caveat for the data reported here is that expression levels for particular genes may be altered by ablation of the germ cell compartment. Nevetheless, this study provides a valuable database of testicular gene expression that can be used as a basis for further studies of testicular development and control.
The lists of frequent tags in the adult and fetal libraries (Tables 3 and 4) were, as expected, dominated by ubiquitous transcripts. Nevertheless, the most frequent tags in the adult testis library included many, such as IGF3, cytochrome P450c17, clusterin, cystatin C, and PGD synthase, which are known to be highly expressed in the adult testis [11, 36] . In the fetal testis, in contrast, most tags that were not derived from ubiquitous genes were either unknown or were from UniGene clusters of unknown function. From these data and from the list of tags differentially expressed in the fetal testis, it is clear that the major transcripts expressed in the somatic cells of the fetal testis are either novel or are of unknown function.
Of the known Sertoli cell transcripts (Table 5A) , most were expressed more frequently in the adult library than in the fetal library, which might be expected because a number of these genes are likely to be involved directly in spermatogenesis. The most frequent Sertoli cell tags in the adult library were clusterin and prosposin, which are the most abundant proteins secreted by Sertoli cells [37] . The most frequent tag in the fetal testis library that is known to be of Sertoli cell origin is Tdl, which is expressed in the fetal/ neonatal testis and the adult testis [38] . Clusterin and prosaposin were also relatively highly expressed in the fetal testis, as was connexin 43, although this gap junction protein is also expressed in Leydig cells, which may account for some of the high tag frequencies measured [39] .
The most abundant tag present in the list of known Leydig cell transcripts (and the most abundant tag overall in either library) was IGF3, which is highly expressed in the Leydig cell [40] . In general, tag frequency of the known Leydig cell transcripts was markedly higher in the adult library than in the fetal library, although the steroidogenic enzymes required for androgen synthesis (P450 scc , 3␤HSD I, and P450c17) are all expressed at relatively high levels in the fetal testis. Four specific markers of the adult population of Leydig cells have been identified [11] , and two of these (3␤HSD VI and estrogen sulfotransferase) were, as expected, only expressed in the adult library. The other two markers, 17␤HSD III and PGD synthase, showed expression in the fetal testis, but this expression is due to expression in the fetal tubulues [12, 27] . PGD synthase is represented by two tags in Table 5B because alternative splicing of the PGD synthase gene generates two different mRNA species with a different 3Ј end [27] .
The list of genes involved in steroidogenesis (Table 5C ) includes all major enzymes involved in androgen biosynthesis and, in addition, a relatively large number of different 17␤HSD genes. The type III enzyme, expressed in the Leydig cells of the adult animal, is the only one required for testosterone synthesis in the testis [41] , although both 17-ketosteroid reductase and 17␤HSD activity have been found in the seminiferous tubules [12, 42] , which may account for the presence of other members of this family. Both adult and fetal libraries contained relatively high levels of the scavenger receptor class B1 (SR-B1), which mediates intracellular delivery of cholesterol from high-density lipoprotein to act as substrate for steroid synthesis [43] . SR-B1 may also play a role in Sertoli cell phagocytosis in the adult animal [44] . There were also high levels of steroidogenic acute regulatory (StAR) protein in the adult library, with significantly lower levels in the fetal library. This protein is required for cholesterol movement into the mitochondrion and is the rate-limiting step in steroid synthesis [45] . Studies using StAR-null mice have revealed that the fetal testes are capable of a limited amount of androgen synthesis [46] , suggesting that StAR-independent steroidogenesis can occur in the fetal Leydig cells. This scenario would be consistent with lower levels of StAR expression in the fetal testis library.
Most growth factors listed in Table 5D did not show marked differential expression between adult and fetal libraries, with only GAS 6, connective tissue growth factor (CTGF), and Wnt 5A showing a significant difference. GAS 6 was the dominant growth factor expressed in the adult library and has been reported to be an essential regulator of spermatogenesis [47] . Both CTGF and Wnt 5A were expressed in only the fetal testis, suggesting that these factors may have a specific role in testicular development. There was clearer differential expression of growth factor and hormone receptors (Table 5E) . AMH receptor II showed the highest expression in the adult library, consistent with previous reports of high expression in adult rat Sertoli cells [48] . Other receptors highly expressed in the adult library but not in the fetal library included the natriuretic peptide receptor and the leptin receptor. Natriuretic peptide has been shown previously to have a regulatory effect on Leydig cell steroidogenesis [49] , while leptin receptors have been shown to be present on both Leydig cells and Sertoli cells [50] . In the fetal testis library, pheromone receptor V3R4 showed the highest expression, although the function of this receptor in reproductive tissues is not clear. The receptor for platelet-derived growth factor ␣ was also highly expressed in the fetal library, and this factor is required for adult Leydig cell differentiation [51] . There was considerable variation in expression of ECM components between fetal and adult libraries (Table 5F ). Both Sertoli cells and Leydig cells have been reported to express components of the ECM [52, 53] , and differences between fetal and adult libraries will reflect, at least in part, changes in the activity of these cells during development. ECM components also can influence the activity of these cells [54] , and developmental changes in ECM expression may play a role in regulation of somatic cell activity.
The list of abundant tags differentially expressed in the adult testis library (Table 6 ) was largely made up of characterized transcripts, many of which have been identified as expressed mainly or exclusively in the adult testis (e.g., PGD synthase, VCAM, 3␤HSD VI, clusterin, prosaposin cystatin C, cystatin TE, claudin 11, and cystatin 9) [11, 28, 37, [55] [56] [57] . Two tags listed in the differentially expressed adult library had no reliable mapping in SAGEmap, and the 3Ј RACE technique [20] was used to generate more information on these tags. One tag (TATAGTATGT) was mapped to glutamine synthase, and the other (GATTCTT-GAG) was mapped to four ESTs. A preliminary identification of these ESTs suggests that these tags belong to a member of the ␤-defensin family. Glutamine synthase is present in all available mouse SAGE libraries, but the tag numbers (tags per million) are an order of magnitude lower than those in the adult testis library. In the testis, glutamine synthase is primarily located in the Leydig cells [58] , and the markedly higher expression in the adult testis suggests that this enzyme is associated specifically with the adult population of Leydig cells. Other transcripts identified by these studies as being highly expressed in the adult testis include angiotensinogen and betaine-homocysteine methyltransferase. The presence of renin in the testis has been reported previously [59] , and tags representing renin 2 are present in both the adult and fetal SAGE libraries (data not shown), which indicates the possible presence of an active renin/angiotensin system in the testis. Betaine-homocysteine methyltransferase is primarily expressed in the liver [60] , but data from the UniGene cluster confirm that the testes are also a site of expression. The cellular localization and role of this enzyme in testicular function are not known.
The most frequent tags differentially expressed in the fetal testis library (Table 7) were dominated by those with no reliable mapping in SAGEmap or with multiple mappings. Use of 3Ј RACE was successful in identifying a number of these tags, although problems arose when the tags were part of a repeat element. It will be necessary to use a 5Ј RACE technique to identify these tags. Most of the tags in the differentially expressed fetal library were linked to UniGene clusters that contain only uncharacterized ESTs. Further study of these clusters is needed because their abundant differential expression in the fetal testis suggests that they have a specific role within this stage of testis development.
The proportions of different somatic cell types change in the testis from the fetal/neonatal period to adulthood. In the absence of germ cells, the testis will contain Sertoli cells, Leydig cells, mesenchymal cells, endothelial and lymphatic cells, myoid cells, macrophages, and fibroblasts. In the adult, the Sertoli cells and Leydig cells make up about 75% of the somatic cells of the testis [61, 62] and would be expected to dominate genes identified within the SAGE library, especially because no other single cell type makes up Ͼ10% of total cell number. Nevertheless, other cells will contribute to the adult SAGE library, particularly the myoid cells, which is the third largest cell group after germ cell ablation [61] . Contributions from the myoid cells and other cells would be most likely to affect the lowmedium and low abundance tags in the SAGE library. In the fetus, in contrast, the Sertoli cells and Leydig cells make up around 45% of the total somatic cell number, whereas the contribution from mesenchymal cells to the SAGE library will be significant. Individually, the Sertoli cells, as a percentage of overall somatic cell number, increase from around 35% in the late fetal testis to about 50% in the adult testis, whereas Leydig cells increase from about 8% to around 25%. Thus, part of the apparent increase in Sertoli cell and Leydig cell gene expression outlined in Table 4 is due to the increased relative number of these cells.
One of the main strengths of the SAGE technique is that libraries from different tissues can be compared directly. There are currently 11 mouse SAGE libraries available for comparison, which means that the number of tissues represented is limited, but tags present only in the testis libraries must show at least some specificity of expression. Of the 20 tags shown in Table 8 , 9 (45%) could be reliable assigned to characterized transcripts, and of these, 5 (Tdl, 807 SOMATIC GENE EXPRESSION IN THE TESTIS 3␤HSD VI, cystatin-TE, cystatin 9, and 17␤HSD III) have a highly limited expression pattern that includes the testis [38, 57, 63, 64] . Three of the remaining four transcripts (AMH receptor, P450c17, and P450 scc ) are expressed in the testis and have a restricted pattern of expression in other tissues. The forth transcript (synaptogamin) is more widely expressed, but the tag representing it in the testis libraries is likely to be from a shortened alternative transcript because it is not from the most downstream NlaIII site in the full-length transcript but matches a number of ESTs derived from the 5Ј end of the gene. Alternatively, the tag may be derived from an unknown gene that is not represented in the SAGEmap database. The remaining tags in Table 8 are mapped to uncharacterized UniGene clusters or ESTs or have no match in the SAGEmap database. Because a number of these tags also show differential expression between the fetal and adult testis libraries, they are clearly worth further characterization.
The aims of this study have been to generate a database of genes expressed in the somatic cells of the testis and to identify genes differentially expressed during development. The data have allowed us to identify a number of differentially expressed novel transcripts and will serve as a baseline for studying changes in testicular gene expression during development or under altered states of physiological control.
